Voltage (LV) substation is a work that has been carried out over several years.
Introduction
The load curve is a graph used both by engineers and electric power producers to see/show how consumers use this power during a given period of time. Actually, the data associated with the load curve is one of the sets of most valuable measurements of electrical companies.
The study of load curves is useful for creating energy models [1] . These models are used both for the planning and operation of the power systems and for the determination of the electrical power costs [2] .
Identifying load curves even makes it possible to reduce the maximum peaks of consumption [3] and be able to operate more efficiently. It is also possible to make customer classifications [4] , [5] , [7] , which are useful in processes such as load forecasting [6] .
The identification and prediction of the load curve is not only a necessity for electrical power generation and distribution companies, but can also be useful for electric power businesses that operate as intermediaries (packets of energy purchased from the large companies in the liberalized market and subsequently sold to small and medium sized customers unable to operate in this market). The load curves are also studied to allocate energy losses in the power system transmission and distribution for their subsequent use in the calculation of electricity prices. In any event, the collection of data is a costly task, taking into account the time and volume of data involved, and one which has to be carried out continuously. For this reason it is important to also consider the best way of making data compressions and of handling the lack of data in some period of time. This missing data can be interpolated or considered as false [8] .
This article analyzes the best way to interpolate values of a load curve of an urban LV substation. To be able to perform reliable estimates, the records made in a LV substation of the town of Logroño have been used.
The LV substation is located near the centre of Logroño, a medium sized town in the north of Spain, with a population of nearly 160000 inhabitants. This LV substation supplies electric power to almost 450 consumers. Among these there are customers of the third sector (hostelry, shops and other services); in addition, there are consumers from several blocks of flats corresponding to people of different social groups. That is to say, the studied LV substation shows a representative consumption of the whole town, which has been considered as a group.
Methodology
The methodology used to determine the best model of interpolation is very simple. Basically it can be summarized in three steps. In the first place the load curves are reconstructed implementing the different object of study algorithms. The second step consists in comparing the waveforms obtained in the first step with the original waveform, evaluating the parameters of error, as well as the position where they have the maximum. The third and last step is to make a comparison of the results obtained in step 2 for each of the applied algorithms and extract conclusions.
A. Reconstruction of the load curves.
Actually this step involves several different stages. Initial count with a database of actual records, sampled each minute, the load curve of an urban LV substation of Logroño. This substation has been the object of measuring for more than 10 years. Currently measurements are still being taken.
On the above mentioned database, load curves are separated into sections of 1 day in length (1440 minutes / records). These sections will be used to test the object of study methods of interpolation.
The interpolation can be done using two large groups of tools: the holders and the orthogonal decompositions. The holders, SH, calculated the point of interpolation according to the values of the nearest points to which one wants to calculate. The most commonly used are those of order 0 and 1. Another characteristic is that the computational effort is very low. Figure 1 graphically displays the process of interpolation for SH0 and SH1.
When the information is interpolated using an orthogonal decomposition, all the points on the curve, not only the next, are used. In the first place the signal analysis allows the signal to be adjusted to a mathematical equation that runs through all of the points used. Subsequently this equation is evaluated at the points of interest to us. The idea is represented graphically in figure 2. The FFT and wavelets are among the most popular orthogonal decompositions. Implementing the FFT is really involves translating a signal from the time domain to the frequency. Applying wavelet transform involves translating a domain that centres neither on the time nor on the frequency; in addition, each mother wavelet implies a different decomposition.
B. Comparison of the original and the interpolated waveforms
The comparison of the waveforms, figure 3, is done point by point. For each of the minutes of the day, the standardized absolute and the relative error are computed (1). 
After calculating the relative and absolute errors throughout the curve, the minute in which the maximum of both errors takes place is identified.
Furthermore, both the average value (2), and the effective value of the error are evaluated (3) for the whole curve. 
These errors are also calculated as standardized in order to compare values in a more coherent manner.
The process of comparing curves and evaluation of errors is repeated for each of the interpolations made in all the curves drawn from the database.
C. Comparison of results.
In the comparison, factors such as: which of the methods used commits minor errors, the position of the values of maximum error, the variation of an error depending on a parameter of interpolation and others are evaluated.
To make the comparison, homogeneous groups of waveforms must first be established. It is believed that two load curves, interpolated, belong to a group of comparison when the same number of intermediate points is evaluated or when one of its parameters for a model of interpolation given is changed ( figure 4 shows the error of interpolation based on FFT according to the number of harmonics used). 
Results
The study of the comparisons among the different models of interpolation is performed from different points of view. Next some of the results are set out.
When a reconstruction is made by means of holders SH0, the error RMS grows in an approximate way to a logarithmic curve, though the function of error that best adjusts is polynomial (as shown in figure 5 ). Another result that can be deduced from the study of the errors committed on having extended the curve by means of SH0, is that the maximum errors, both absolute and relative, show a very irregular growth ( figure 6 shows this effect). With regard to the interpolation using FFT, as shown in figure 4 , the error decreases in an almost potential manner with the number of harmonics used for the interpolation. In addition, it might be noted that the moment that the maximum errors take place, in spite of not being a constant, there is a tendency toward a small number of points. Thus the maximum relative error is usually in off-peak hours. In contrast, the maximum standardized error usually occurs during peak hours.
If the two methods exposed are compared, interpolation SH0 and FFT, it can be noted that the method of interpolation FFT is more precise than that of holders, except for the relative error. In addition, this difference in errors grows (in relative terms) with the increase of the interpolation/ reconstruction period. Figure 7 shows the comparative evolution of errors for the interpolation methods exposed. From the observation of this figure, also it is clear that the interpolation/reconstruction based on FFT shows a much more stable and predictable evolution of errors than when the model based on retainers is in use. This lack of stability can lead to, occasionally for the analysis of the curve of a certain day, the algorithms based on holders showing minor relative
We have analyzed the errors committed, in a hypothetical reconstruction (based on interpolation) of load curve. To do this the simulated curves have been contrasted with those obtained from an actual database.
or standardized errors (although only in some areas of the error curve). It has been observed that the algorithms based on FFT are more accurate and reliable.
It has been found that, despite interpolation based on FFT being much more reliable, algorithms based on holders are valid when the period of reconstruction is small.
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Conclusions
A comparison has been made of the behaviour of different methodologies for the interpolation and reconstruction of load curves in an urban LV substation.
